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OBJECTIVES This study was done to determine whether seasonal variation exists in hospitalizations and
deaths due to heart failure (HF) and to examine possible contributors to such variability.
BACKGROUND Although seasonal variation in the incidence of acute myocardial infarction and sudden death
is well recognized, it is less well documented in HF.
METHODS We used the linked Scottish Morbidity Record scheme, which provides individualized
morbidity and mortality data for the entire Scottish population.
RESULTS Between 1990 and 1996, there were a total of 75,452 male and 81,269 female hospitalizations
related to HF in Scotland, with an average rate of admissions per 100,000 population of 8.4
and 8.5 per day, respectively. Significantly more admissions occurred in winter compared to
summer (p  0.0001). In women, the peak rate of admission occurred in December (12%
more than average) and the lowest rate in July (7% less than average) (odds ratio [OR] 1.14,
p  0.001). The respective figures for men were 6% more, 8% less (OR 1.16, p  0.001). In
both genders, the greatest variation occurred in those aged 75 years—peak winter rates
being 15% to 18% higher than average. There was also a winter peak in concomitantly coded
respiratory disease; this seasonal excess accounted for approximately one-fifth of the winter
increment in HF hospitalizations. Seasonal variation in mortality was also seen in these
patients. The number of male deaths in December was 16% higher, and in July 7% lower,
than average (OR 1.25, p  0.001). In women, the equivalent figures were 21% higher
(January) and 14% lower (July) (OR 1.21, p  0.001). Again, the greatest variation occurred
in those aged 75 years—peak rates being 23% to 35% higher than average.
CONCLUSIONS There is substantial seasonal variation in HF hospitalizations and deaths, particularly in the
elderly. Approximately one-fifth of the winter excess in admissions is attributable to
respiratory disease. Extra vigilance in patients with HF is advisable in winter, as is
immunization against pneumococcus and influenza. (J Am Coll Cardiol 2002;39:760–6)
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Seasonal variation in the incidence of acute myocardial
infarction (AMI) (1–3) and sudden death (4) is well
recognized. Environmental temperature has been impli-
cated in this variation as these events peak in winter. Some
of the physiologic consequences of reduction in tempera-
ture, thought to be involved in increased coronary risk,
might also be hazardous in heart failure (HF). Skin cooling
has been shown to increase systemic vascular resistance (5),
heart rate (6), plasma norepinephrine concentration (7),
circulating levels of vasoconstrictor peptides (8) and blood
pressure (9). In keeping with this, blood pressure is higher
in winter (10). Cold can also induce myocardial ischemia
(11). All of these effects could clearly lead to worsening of
HF. Other seasonal variations, such as in the incidence of
respiratory infections, could also threaten the stability of
HF. The aim of this study was to determine whether there
is seasonal variation in hospitalizations and deaths due to
HF and to examine possible contributors to such variability.
METHODS
Data source. In Scotland, all nonmaternity, nonpsychiatric
hospital inpatient and day case discharges are summarized
on a discharge record (the Scottish Morbidity Record) and
aggregated by International Classification of Disease (ICD)
9 codes, on a national computerized database held at the
Information and Statistics Division of the National Health
Service in Scotland (12,13). The application of record
linkage techniques permits both analysis of the data at the
level of the individual patient and the episode of care.
Hospital discharge data are also linked to the Register
General’s death records. For any given patient, therefore,
readmissions, following an index hospitalization, can be
tracked (and their nature identified); should the patient die,
that outcome is also recorded (14).
We have recently described trends in HF-related hospital
activity in Scotland, for the period 1990 to 1996 (15). For
the purpose of the current study, we examined all hospital-
izations associated with a discharge diagnosis (in any diag-
nostic position) of congestive heart failure (ICD9 code
428.0 and ICD10 code I150) or left HF/acute pulmonary
edema (ICD9 code 428.1 and ICD10 code I151) (14,15).
Hospitalization data. The number of hospitalizations for
these diagnoses during the seven-year period 1990 to 1996
was calculated separately for each calendar month on an
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age- and gender-specific basis. For each month, a rolling
daily average of hospital activity (reflecting the sum total of
hospitalizations for that period) was then calculated. Simi-
larly, using a rolling average of the reported population of
Scotland during this period (15), we then calculated the
population-based rate of hospitalizations per day (stated as
the number of hospitalizations per day per 100,000 popu-
lation) on an age- and gender-specific basis.
Mortality data. Using linked data from the General Reg-
ister Office for Scotland, we identified all deaths occurring
in those individual patients who contributed to the above
hospitalizations for the period 1990 to 1997 (thus enabling
at least one year of follow-up in all patients). As with
hospitalization data, we calculated the number of deaths
separately for each calendar month on an age- and gender-
specific basis in order to derive a daily average of deaths—
once again, reflecting the sum total of deaths during this
period.
Seasonal variation. To determine any seasonal variation in
hospital activity, we compared monthly averages with the
overall population rate of hospitalization. The extent of
deviation specific to each calendar month was quoted as a
percentage relative to the overall rate of activity observed
during this period (possible range 100 to 100%). The
average number of deaths occurring during each calendar
month was similarly calculated.
Statistical analysis. We tested the assumption that the rate
of hospitalization and death would be constant throughout
this period by comparing the “expected” (calculated from
the overall daily rate) and observed number of cases re-
corded for each calendar month using the chi-square
goodness-of-fit test.
To determine further the extent of variability in the risk
of hospitalization or death, we used the same test to directly
compare event rates for those months associated with the
highest and lowest values relative to the overall event rate
observed. The comparative risk of an event occurring in
these two months was then stated as an odds ratio (OR)
(95% confidence interval [CI]). For the direct comparison
of the risk of inpatient case-fatality between “high” and
“low” months, we used gender-specific multiple logistic
regression models that included age, comorbidity and social
deprivation to calculate adjusted ORs. We also used the
Student t test to compare between-month mean length of
survival. All data management and analyses were performed
using SPSS for Windows version 9.0 (SPSS Inc., Chicago,
Illinois).
RESULTS
Overall Admissions and Deaths, 1990 to 1996
Between 1990 and 1996, there were a total of 75,452 male
and 81,269 female hospitalizations in Scotland, with a
discharge diagnosis of congestive heart failure or acute HF.
Of the 38,875 men and 44,505 women who contributed to
all these admissions between 1990 and 1996, a total of
26,033 (67%) men and 30,543 (69%) women died between
1990 and 1997.
Abbreviations and Acronyms
AMI  acute myocardial infarction
CI  confidence interval
HF  heart failure
ICD  International Classification of Disease
OR  odds ratio
Figure 1. Average number of heart failure-related hospitalizations per day in Scotland, 1990 to 1996. Figures represent the summed average for each month,
during the entire study period.
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Seasonal Trends in Hospital Admissions
All HF hospitalizations, 1990 to 1996. Figure 1 shows
the daily average number of HF-related hospitalizations
between 1990 and 1996. The daily average of these hospi-
talizations per 100,000 population was 8.4 in men and 8.5 in
women, respectively. There was a marked seasonal variation
in the number and rate (Figs. 1 and 2), with many more
hospitalizations in the winter months compared to summer
months. For example, in women, the peak occurred in
December (9.2 hospitalizations per 100,000 population,
12% greater than average, p  0.001), whereas the lowest
rate occurred in July (7.9 per 100,000 population, 7% less
than average, p 0.001). In men, seasonal variation was less
marked but still evident—the peak daily rate of hospitaliza-
tion occurred in December, January and February (8.9 per
100,000 population—6% greater than average, p  0.001),
whereas the lowest rate also occurred in July (7.7 per
100,000 population—8% less than average, p  0.001).
In both men and women, the greatest seasonal variation
occurred in those aged 75 years (Fig. 2). In women, this
seasonal variation resulted in an absolute difference of 1,111
hospitalizations, comparing the hospital activity in July to
that of December (6,455 vs. 7,566), during the entire
seven-year period. In men, the equivalent number for July
compared to January was 921 (5,925 vs. 6,846 hospitaliza-
tions).
Hospitalizations with HF as the principal diagnosis. In
hospitalizations where HF was the principal discharge,
seasonal variation was similar to that seen when all dis-
charges with a HF coding were considered (Fig. 3).
Concomitant discharge diagnoses. Sixty-five percent of
hospitalizations with HF coded as the principal discharge
diagnosis had a secondary coding. Respiratory disease was
concomitantly coded in 10% of these discharges. Seventy-
five percent of respiratory disease codings were for chronic
obstructive pulmonary disease and the remaining 25% were
for pneumonia. The other major categories of secondary
codings were AMI (approximately 20%), other forms of
coronary heart disease (13%) and atrial fibrillation (6%).
RESPIRATORY DISEASE. There was a winter peak of con-
comitantly recorded respiratory disease in both men and
women, with HF coded as the principal diagnosis—9% of
December discharges versus 6% of July discharges (p 
0.001). This difference accounted for 220 admissions. It was
even more marked in patients aged 75 years (12% vs. 8%,
p  0.001). Similar differences were noted in hospitaliza-
tions with HF coded as a secondary diagnosis (14% in
December compared to 10% in July, p  0.001). This
difference accounted for 170 admissions. Again, it was most
marked in those 75 years.
ACUTE MYOCARDIAL INFARCTION. Concomitantly coded
AMI also showed a seasonal variation in older men. In men
75 years of age, the proportions in December and July
were 15% and 11%, respectively (p  0.001), compared to
20% and 19.5%, respectively, in men overall. This difference
accounted for an excess of 97 admissions. The correspond-
ing proportions for all women were 16% and 16% and in
women 75 years of age 14% and 14%.
OTHER CONCOMITANT DIAGNOSES. No seasonal variation
was detected in other manifestations of coronary heart
disease, arrhythmias, stroke or alcohol-related problems and
depression in patients hospitalized with HF.
Seasonal Trends in Deaths
All deaths, 1990 to 1996. Figure 4 shows the average
number of deaths per day for each month during the period
Figure 2. Age- and gender-specific rates of admission per day (per 100,000 population) between 1990 and 1996 in Scottish men and women aged 65 years
and over.
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1990 to 1997. A marked seasonal variation was observed in
the pattern of deaths in patients hospitalized with HF
between 1990 and 1996. The average number of men who
died during December was 83 per day compared to 67 per
day in July (16% higher and 7% lower, respectively, than the
yearly average, p  0.001). In women, the equivalent figure
for January was 102 deaths per day compared to 73 in July
(21% higher and 14% lower, respectively, than the yearly
average, p  0.001).
In women, this seasonal variation resulted in an absolute
excess of 922 deaths in July compared to that of January
(2,249 vs. 3,171) between 1990 and 1997. In men, the
excess in January over July was 507 deaths (1,995 vs. 2,502
deaths).
Figure 5 shows the average rate of deaths per day,
categorized by age and gender. As with hospitalizations, the
greatest seasonal variation in mortality was in those aged
75 years.
Inpatient case fatality and mean survival after hospital-
ization. When compared with death at any time after
admission, inpatient case fatality also showed clear seasonal
variation. In men, this rate was 24% in December versus
Figure 3. Average number of hospitalizations associated with a principal diagnosis of heart failure per day in Scotland, 1990 to 1996. Figures represent the
summed average for each month, during the entire study period.
Figure 4. Average number of deaths per day in those hospitalized for heart failure (1990 to 1996) during the period 1990 to 1997. Figures represent the
summed average for each month, during the entire study period.
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21% in July, an adjusted OR of 1.17 (95% CI 1.01 to 1.25,
p  0.001). In men 75 years or older, these rates were 28%
versus 24%, adjusted OR 1.15 (95% CI 1.08 to 1.24), p 
0.001.
In women, the inpatient case fatality rate was 20% in
December versus 19% in July, adjusted OR 1.08 (95% CI
1.00 to 1.16), p  0.05 (28% vs. 25% in women 75 years,
adjusted OR 1.13 [95% CI 1.03 to 1.24], p  0.001). For
men, mean survival in those discharged alive from hospital
was worse in December at 533 days versus 563 days if
hospitalized in July (p  0.05). In women, the comparable
figures were 573 versus 622 days (p  0.001).
DISCUSSION
We have identified a significant winter peak in HF-related
hospitalizations. These population-based findings are in
accord with the results of the only other study to examine
this topic (16), which found a similar seasonal variation in
discharges from French public hospitals (accounting for
approximately 70% of hospital capacity in that country)
(16). When analyzing mortality, that study only examined
death certification for HF, rather than case fatality specifi-
cally in patients hospitalized with HF. Nevertheless, both
analytical approaches confirmed an even more pronounced
winter peak in deaths.
Physiologic mechanisms underlying seasonal variation.
What causes this winter peak in HF morbidity and mortal-
ity? Our findings are clearly in keeping with the seasonal
variation seen in acute coronary syndromes and sudden
deaths (1–4). Consequently, they may share common
mechanisms and aggravate the other’s seasonal amplitude.
For example, the hemodynamic stresses and neurohumoral
activation that accompany a reduction in temperature may
exacerbate HF, induce myocardial ischemia and precipitate
arrhythmias (5–11). Furthermore, both ischemia and ar-
rhythmias could further increase the risk of HF decompen-
sation. Other mechanisms could also underly the seasonal
variation in HF-related morbidity and mortality. Respira-
tory infections, especially those related to influenza, are
more frequent in winter and could precipitate HF (17).
Alcohol consumption also peaks in December in many
countries (18). Because alcohol depresses myocardial con-
tractility and induces atrial fibrillation, it too could aggravate
HF (18,19). Consequently, we also examined secondary
discharge codes to see whether they could offer insights into
the role of any of these potential mechanisms.
Role of pulmonary infection in seasonal variation.
Interestingly, respiratory disorders (exacerbation of chronic
obstructive pulmonary disease and pneumonia) also showed
a winter peak in patients hospitalized with a primary
discharge diagnosis (or a secondary coding) of HF. Indeed,
approximately one-fifth of the winter excess of hospitaliza-
tions could be accounted for by this seasonal increment in
respiratory disease. This may even be an underestimate as
secondary codings are less reliable than primary ones, and
some patients discharged following hospitalization with an
exacerbation of HF may not have had an appropriate
secondary coding entered for respiratory disease.
Role of acute coronary syndromes in seasonal variation.
In contrast, acute coronary syndromes apparently played a
surprisingly small role in the winter excess of HF hospital-
izations. However, other series from single centers have also
suggested that myocardial ischemia is less frequently a
Figure 5. Age- and gender-specific daily mortality rate (per 100,000 population) in Scottish men and women aged 65 years and over who were hospitalized
for heart failure between 1990 and 1996.
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potentially preventable cause of hospital readmission than
pulmonary infection in patients with HF (20,21).
More marked seasonal variation in the very elderly. We
found that seasonal variation was most striking in older
subjects. This has also been noted for coronary events and
blood pressure changes (22). The elderly are less able to
regulate body temperature and, therefore, may be more
prone to all the adverse effects of cooling (23). They also
appear to be more prone to winter respiratory infection.
Interestingly, a winter admission was associated with not
only a higher short-term (inpatient) case fatality rate but
also a poorer longer-term survival. Even with the limited
adjustment we were able to perform, the increase in short-
term case fatality persisted. This suggests that patients with
more severe HF (and, therefore, a worse prognosis) may be
particularly vulnerable to a winter exacerbation.
Clinical significance and management implications. We
believe that our findings are of clinical significance. In a
population of 5.1 million, with about 13,000 deaths from
coronary heart disease annually, seasonal variation ac-
counted for a difference of 1,429 deaths and 2,032 hospi-
talizations.
Our findings have potentially important management
implications. First, increased vigilance in winter is impor-
tant in patients with HF, especially those in the more
advanced stages, in order to detect and correct decompen-
sation at an early stage. Second, pneumococcal and influ-
enza immunization should be strongly encouraged, not just
to avoid these infections, but also for their potential role in
winter exacerbations of HF (24). Third, the winter peak in
morbidity and mortality emphasizes the need to understand
better the mechanisms underlying this phenomenon.
Study limitations. As with any epidemiologic study of this
type, our study has limitations. We have relied on discharge
coding, which, though over 90% accurate in the principal
position, is less so in secondary positions. However, most
secondary HF codings are in the second (of six) positions.
Codings in the second position also have a high degree of
accuracy. Differentiating an exacerbation of respiratory dis-
ease, respiratory infection and decompensated HF is clini-
cally difficult, particularly in the elderly. However, miscod-
ing of pulmonary infection as HF may be as likely as HF
miscoded as pulmonary infection. We did not measure
other factors known to affect the risk of HF hospitalization,
such as environmental concentrations of carbon monoxide,
which also interacts with ambient temperature (25). Exer-
cise, which is also of benefit in HF, may be taken less
frequently in winter. Depression, which might influence
prognosis in HF, may also be worse in winter (26).
SUMMARY
In summary, we have shown that there is a substantial
seasonal variation in HF hospitalizations and deaths. The
winter peak is particularly marked in the elderly. Approxi-
mately one-fifth of the winter excess in HF hospitalizations
is attributable to a winter increment in respiratory disease.
Myocardial infarction contributes a smaller part of the
winter excess, especially in older men. These findings argue
for extra vigilance in patients with HF in winter and for
immunization against influenza and pneumococcal infec-
tion. A full understanding of the underlying causes of this
variation could result in other management strategies with
important public health and economic benefits.
Reprint requests and correspondence: Professor John J. V.
McMurray, CRI in Heart Failure, Wolfson Building, University of
Glasgow, Glasgow, G12 8QQ, Scotland. E-mail: j.mcmurray@
bio.gla.ac.uk.
REFERENCES
1. Marchant B, Ranjadayalan K, Stevenson R, et al. Circadian and
seasonal factors in the pathogenesis of acute myocardial infarction:
the influence of environmental temperature. Br Heart J 1993;69:
385–7.
2. Ornato JP, Peberdy MA, Chandra NC, et al. Seasonal pattern of acute
myocardial infarction in the National Registry of Myocardial Infarc-
tion. J Am Coll Cardiol 1996;7:1684–8.
3. Spencer FA, Goldberg RJ, Becker RC, et al. Seasonal distribution of
acute myocardial infarction in the second National Registry of Myo-
cardial Infarction. J Am Coll Cardiol 1998;31:1226–33.
4. Arnt HR, Willich SN, Schreiber C, et al. Diurnal, weekly and seasonal
variation of sudden death. Population-based analysis of 24,061 con-
secutive cases. Eur Heart J 2000;21:315–20.
5. Keatinge WR, McIlroy MB, Goldfein A. Cardiovascular responses to
ice-cold showers. J Appl Physiol 1964;19:1145–50.
6. Hayward JM, Holmes WF, Gooden BA. Cardiovascular responses in
man to a stream of cold air. Cardiovasc Res 1976;10:691–6.
7. Westheim A, Os I, Thaulow E, et al. Haemodynamic and neurohu-
moral effects of cold pressor test in severe heart failure. Clin Physiol
1992;12:95–106.
8. Rodriguez-Garcia JL, Paule A, Dominguez J, et al. Effects of the
angiotensin II antagonist losartan on endothelin-1 and norepinephrine
plasma levels during cold pressor test in patients with chronic heart
failure. Int J Cardiol 1999;70:293–301.
9. Raven PB, Wilkerson JE, Horvath SM, et al. Thermal, metabolic and
cardiovascular responses to various degrees of cold stress. Can J Physiol
Pharmacol 1975;53:292–8.
10. Minami J, Kawano Y, Ishimitsu T, et al. Seasonal variations in office,
home and 24 h ambulatory blood pressure in patients with essential
hypertension. J Hypertens 1996;14:1421–5.
11. Lassvik CT, Areskog N. Angina in cold environment. Reactions to
exercise. Br Heart J 1979;42:396–401.
12. Kendrick S, Clarke J. The Scottish record linkage system. Health Bull
1993;51:72–9.
13. Harley K, Jones C. Quality of Scottish Morbidity Record (SMR) data.
Health Bull 1996;54:110–7.
14. MacIntyre K, Capewell S, Stewart S, et al. Evidence of improving
prognosis in heart failure: trends in case fatality in 66,547 patients
hospitalised between 1986 and 1995. Circulation 2000;102:1126 –
31.
15. Stewart S, MacIntyre K, McLeod M, et al. Trends in hospitalisation
for heart failure in Scotland, 1990–1996: an epidemic that has reached
its peak? Eur Heart J 2001;22:209–17.
16. Boulay F, Berthier F, Sisteron O, et al. Seasonal variation in chronic
heart failure hospitalizations and mortality in France. Circulation
1999;3:280–6.
17. Fleming DM. The contribution of influenza to combined acute
respiratory infections, hospital admissions, and deaths in winter.
Commun Dis Public Health 2000;3:32–8.
18. Kupari M, Koskinen P. Seasonal variation in occurrence of acute atrial
fibrillation and relation to air temperature and sale of alcohol. Am J
Cardiol 1990;66:1519–20.
765JACC Vol. 39, No. 5, 2002 Stewart et al.
March 6, 2002:760–6 Seasonal Variation in HF Hospitalizations and Deaths
19. Conway N. Haemodynamic effects of ethyl alcohol in patients with
coronary heart disease. Br Heart J 1968;30:638–44.
20. Ghali JK, Kadakia S, Cooper R, et al. Precipitating factors leading to
decompensation of heart failure. Traits among urban blacks. Arch
Intern Med 1988;9:20113–6.
21. Opasich C, Febo O, Riccardi PG, et al. Concomitant factors of
decompensation in chronic heart failure. Am J Cardiol 1996;3:
354 –7.
22. Douglas AS, Dunnigan MG, Allan TM, et al. Seasonal variation in
coronary heart disease in Scotland. J Epidemiol Community Health
1995;49:575–82.
23. Florez-Duquet M, McDonald RB. Cold-induced thermoregulation
and biological aging. Physiol Rev 1998;2:339–58.
24. Nichol KL, Margolis KL, Wuorenma J, et al. The efficacy and
cost-effectiveness of vaccination against influenza among elderly per-
sons living in the community. N Engl J Med 1994;331:778–84.
25. Morris RD, Naumova EN. Carbon monoxide and hospital admissions
for congestive heart failure: evidence of an increased effect at low
temperatures. Environ Health Perspect 1998;106:649–53.
26. Jiang W, Alexander J, Christopher E, et al. Relationship of depression
to increased risk of mortality and rehospitalization in patients with
congestive heart failure. Arch Intern Med 2001;161:1849–56.
766 Stewart et al. JACC Vol. 39, No. 5, 2002
Seasonal Variation in HF Hospitalizations and Deaths March 6, 2002:760–6
